newborns suffering from HIE. [4] [5] [6] A large number of these infants are born at outlying facilities that do not have the capabilities to offer TH and therefore require transfer to a tertiary facility, resulting in a delay of the initiation of TH.
A handful of studies have looked at different methods of offering TH on transport, with limited success. [7] [8] [9] [10] [11] [12] [13] Most centers that offer TH on transport rely on passive cooling during transport. Passive cooling refers to the removal of external heat sources without the addition of any cooling sources. In contrast, active cooling, utilizing such techniques as the application of crushed ice packs, is offered by a few centers. Unfortunately, active cooling often results in a wide fluctuation in the core body temperatures of the neonates. Some fail to reach the TH range, whereas others are cooled dangerously low, going well below 32 ° C. Currently, there are no servo-controlled devices approved specifically for flight by either the Federal Aviation Administration or US military that allow for active cooling of the neonate during air transport. Since the study period, a servocontrolled, active cooling device has come into the market for use on ground or flight, but financial constraints have limited the implementation of these devices. In addition, operational obstacles such as the need to enlist a backup ambulance that does not carry the machine, equipment malfunction, or unavailability of the device due to another patient's use have developed, which limit the use of the servocontrolled device. Also important to note is that this servo-controlled device has yet to be tested in the United States for safety during air transport.
Because of the importance of early initiation of TH for the asphyxiated infant, our transport team's aim was, by June 2010, to establish a care bundle that could be safely instituted at an outlying hospital prior to the transport team's arrival and continued throughout the transport until arrival at the receiving facility. Our goal was to recognize, initiate, and therapeutically cool infants during ground transport, reaching a target temperature of 33 ° C to 35 ° C in 100% of those infants without overcooling (temperature < 32 ° C) prior to arrival at our tertiary center, therefore causing minimal risk to the infant.
METHODS
Our facility is a 71-bed, level 3 neonatal intensive care unit (NICU) that services approximately a 100mile radius encompassing a large metropolitan city. The center's transport team conducts around 200 critical care neonatal ground transports per year. The transport team consists of a neonatal nurse practitioner, a registered nurse, and a respiratory therapist. To maintain team proficiency of transporting TH patients, annual competencies were conducted involving a TH patient mock scenario. In addition, new team members were required to attend a class that covered the pathophysiology behind HIE and TH, as well as the protocol for transport of these patients. The protocol can be found in the transport team's reference book and accompanies every transport. Team members are instructed to review the protocol en route to the referral facility.
Outreach teaching for referral centers was completed shortly after the initiation of the TH program. A representative from the team visited each referral hospital and provided education on TH. During this education, a laminated poster recognizing the qualifications for TH based on Sarnat's staging of HIE was given to the facility for its reference (see Figure 1 ). 14 Follow-up education was provided only if requested by the referral center. The goal of this outreach teaching was to help referral hospitals quickly recognize those infants who qualify for TH and to initiate the cooling process well before 6 hours of age.
A retrospective cohort study was conducted involving term and near-term infants requiring transfer to the center's NICU by our transport team for TH (see Table 1 ). Entry criteria were very similar to other trials that have been conducted in the past. 4 , 7 , 8 , 13 To meet entry criteria for the TH program, infants had to be at least 35 weeks' gestation at birth, with a birth weight of greater than 1800 g. They also had to be 6 hours or younger and be exhibiting some degree of clinical encephalopathy (see Figure 1 ). Referral physicians were instructed to consult with the neonatologist at the tertiary center to determine whether an infant met criteria. The tertiary center's neonatologist was responsible for making this final determination.
TREATMENT
After meeting Overland Park Regional Medical Center's entry criteria, initiation of TH for out-born infants began with a facsimile sent to the referring center containing instructions to initiate passive cooling and guidelines for critical care management until our transport team arrived (see Figure 2 ). With these guidelines, referral facilities were instructed to
What This Study Adds
• This study shows the wide variation in abilities to obtain and maintain therapeutic hypothermia on transport. • Also, the study discusses the importance of tight, targeted temperature control. • It then gives readers a strict protocol, shown to be effective in a small population, to help control temperatures of infants undergoing therapeutic hypothermia on transport.
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Advances in Neonatal Care • Vol. 16, No. 5 document vitals, including rectal temperature, every 15 minutes. The infant was to be placed on a radiant warmer, and the referral center's team was guided to turn off all external heat sources. They were specifically instructed not to actively cool patients, but to aim for a target temperature of 33 ° C to 35 ° C through passive cooling. Because of the knowledge that core temperatures can drop rapidly, even with passive cooling, the referral centers were urged to contact the neonatologist at the receiving center for further instructions if the core temperature dropped below 34 ° C, or if they had any other questions, prior to the transport team's arrival. Upon receiving the transport call, the transport team was quickly mobilized. The transport isolette was programmed to 28 ° C. Once the infant was placed in the transporter, strict guidelines were followed to maintain tight temperature control in the
FIGURE 1
Poster for cooling.
E6
Schump et al therapeutic range of 33 ° C to 35 ° C (see Figure 3 ). This precise temperature control was achieved by passive cooling measures, active cooling measures with the application of perineal cold packs by MEDLINE gel packs (peri-packs), or if necessary, using the radiant warmer/isolette to warm the infant if the temperature dropped below 34 ° C. Upon arrival at the referral center, the infant's rectal temperature was immediately obtained, and an assessment was done to confirm TH entry criteria had been met. Then, an esophageal probe was placed for continuous core temperature monitoring. Initiation time for TH was documented when the infant had his or her first recorded temperature of 34 ° C or less. This marked the beginning of the 72 hours of cooling. The goal for transport was to maintain the temperature between 33 ° C and 35 ° C throughout the duration of the transport (see Figure 3 ). Upon arrival to the receiving facility, a final core temperature was recorded and the infant was placed on a servo-controlled cooling blanket to continue the TH process per our in-hospital protocols. Of note, many of these complex, critically ill neonates had significant multiorgan, systemic effects of their HIE that required additional cardiopulmonary stabilization throughout the transport.
RESULTS
From June 2010 to January 2014, a total of 22 neonates who qualified for TH were transported to our facility using the care bundle previously discussed. In addition, one other infant was transferred to our center for TH but did not enter the treatment protocol until after admission. Two of the 24 infants were excluded from the data because their transport charts could not be recovered. Of the remaining 22 infants, data were compiled and analyzed (see Figures 4 and 5 ) . The average age at time of enrollment was 85.2 minutes (SD = 76.7). Eight patients required active cooling with gel packs. In contrast, 14 required only passive cooling. A total of 8 infants necessitated the warmer to be turned back on, or the isolette temperature to be increased, due to their temperature falling below 34 ° C at some point during the transport. Seven of these 8 were classified as having severe HIE. The average temperature before turning off the warmer at the referral center was 36.0 ° C (SD = 1.1). Upon the transport team's arrival, the mean temperature was 34.9 ° C (SD = 1.4). When entering the receiving facility, the mean temperature was 33.5 ° C (SD = 0.7). None of the babies experienced extremely low core temperatures ( < 32 ° C) at any time while on transport. The average time from the initiation of passive cooling by the referral center to target temperature was 127.5 minutes (SD = 57.8) (see Figure  5 ). The average time from birth to target temperature of 33 ° C to 34 ° C was 200 minutes (SD = 101.8), which is well within the 6-hour window. Only 2 infants did not reach target temperature prior to 6 hours of age, but the referral centers for these 2 infants did not begin passively cooling them until they were 205 and 235 minutes of age.
Of the 22 infants who received the care bundle on transport, 3 (13.6%) did not survive. All 3 of these neonates were considered to have severe HIE. Eleven (50%) of the 22 infants were classified as having severe HIE. Two (9%) were classified as having moderate-severe HIE. Six (27%) were considered to have moderate HIE, and 3 (14%) were labeled as having mild HIE. No patient's temperature fell below 32 ° C at any point during the cooling process. Fifteen (68%) infants had temperatures between 33 ° C and 34 ° C upon arrival at our tertiary center, and when broadened to 33 ° C to 35 ° C (our goal temperature range for transport), 19 patients (>86%) were within the therapeutic range upon arrival at the receiving facility. The 3 infants who were not within the therapeutic range upon arrival all had temperatures between 32 ° C and 33 ° C. It is noteworthy that with each of these 3 infants, a breach of protocol occurred on transport. The first of these infants' temperature was 32.1 ° C before the isolette temperature was increased. Likewise, the isolette temperatures were not increased with the second and third neonates until their temperatures were 32.9 ° C and 32.3 ° C, respectively. Per the protocol, the isolette temperature should be increased in the event that the temperature falls below 34 ° C and should continue to be increased by 1 ° C every 15 minutes until back within target temperature. No documentation was included as to why the protocol was not followed in these circumstances. 
DISCUSSION
Multiple studies over the past several years have discussed the trials of implementing TH via passive and/or active measures prior to arrival at a tertiary center capable of completing the TH process. 7-13 A recurring problem associated with these studies is overcooling. It is well documented that infants suffering from HIE are more likely to become hypothermic after birth, even without TH being initiated. 15 , 16 This phenomenon is thought to be due to impairment in the nonshivering thermogenesis that occurs within the brown adipose tissue. 17 As such, those infants undergoing TH without servo-controlled devices are at an increased risk of developing hypothermia below the therapeutic window. This increased risk of hypothermia, combined with the lack of a servo-controlled device, is a probable explanation for the persistently reported sub-TH on transport despite meticulous efforts to keep infants within the therapeutic range.
With the knowledge that temperatures below 32 ° C clearly can be detrimental to the newborn, [18] [19] [20] neonatal transport teams have attempted to develop the most reliable protocol to maintain these infants within a tight, therapeutic temperature range throughout the duration of transport, without becoming severely hypothermic ( < 32 ° C). In our
FIGURE 2
Neonatal therapeutic hypothermia management guidelines for referral centers.
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Schump et al study, we targeted the 33 ° C-35 ° C range, recognizing that the 32 ° C-33 ° C range is a gray zone but unlikely to be harmful to the newborn. A handful of studies have shown better outcomes for infants cooled prior to 6 hours of age. 4-6 , 21 In a study by Thoresen et al, 21 improved neurodevelopmental outcomes were seen at 18 to 20 months of age in surviving infants for whom the TH process was started within 3 hours of birth. As discussed previously, a large number of babies qualifying for TH are born at centers that are unable to offer TH, whereby necessitating transport to a tertiary center. In the past, this has delayed the initiation of TH due to the lack of an efficacious protocol for cooling infants on transport. This retrospective study shows that, unlike many previous studies, our transport TH bundle is effective in safely decreasing the core temperature to a goal of 33 ° C to 35 ° C without overcooling prior to an infant's arrival to our center, whereby decreasing the time to goal temperature.
The average time from birth to therapeutic core temperature (33 ° C-34 ° C) was 200 minutes in our
FIGURE 3
Protocol for therapeutic hypothermia management on transport.
FIGURE 4
Initial temperature to temperature at the receiving facility.
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Advances in Neonatal Care • Vol. 16, No. 5 cohort, which was less than any other study reported (see Table 2 ). [7] [8] [9] [10] Many other centers established similar protocols for their transport teams, with varying success. All centers had very similar entry criteria. Universally, continuous temperature monitoring, with recording every 15 minutes, was the mainstay, but the methods at which infants were cooled varied widely (see Table 2 ). [7] [8] [9] [10] Arguably, the most important differences in protocols were the temperatures at which cooling devices were removed and heat sources were added. These variations most likely contributed to our study being the only study not to have any infant's temperature fall below 32 ° C during transport. It is also noteworthy that 100% of our infants arrived at the hypothermia center with temperatures between 32 ° C and 35 ° C as compared with 39% to 74% of infants in other studies.
A separate handful of studies have compared passive cooling versus active cooling with a cooling device. In a large, multicenter trial conducted in California, servo-controlled TH had a resounding advantage over non-servo-controlled TH at reaching and maintaining target temperature throughout the duration of transport. 11 However, when comparing the data compiled from our cohort with the data from the California trial, there are some striking results. The California study found that more subjects reached target temperature at some point during transport using the servo-controlled device as compared with their control arm (80% vs 49%; P < .001). In our cohort, 19 of 22 infants reached target temperature during transport (86%), representing a greater number of infants reaching target temperature than in both the California servo-controlled group and the non-servocontrolled group. The average duration of transport in the California trial was 2.7 hours as compared with 2.3 hours in our group, whereby leading to less time for our cohort to reach target temperature, although this may not be statistically significant. Overcooling was not addressed in that study, but when evaluating the core temperature trajectories shown in a graph form, multiple points were noted below 33 ° C in both groups; in the control arm, at least 2 temperatures were below 30 ° C. 11 Our study was limited by the low number of participants (22 vs 51 in California device group vs 49 in the California nondevice group) but still produced noteworthy results when compared with the California trial.
Another trial comparing TH with a servocontrolled device versus passive or active cooling with adjuncts was conducted in the United Kingdom. Of 46 infants, the results revealed that 84% of infants in the servo-controlled group reached target temperature before arriving at the receiving facility compared with 47% in the active cooling with adjuncts group and 20% in the passive cooling group. One infant each in both the passive and active with adjuncts groups had temperatures below 32 ° C (31.5 ° C and 29.8 ° C, respectively). A limitation of the study noted by the authors was the lack of guidelines for managing temperatures outside of the therapeutic range. 12 .
Finally, in a slightly larger study out of London, passive cooling was again compared with active cooling with a servo-controlled machine. That study determined that 73% of the infants in the passive cooling group reached target temperature before admission to the hypothermia center as compared with 100% of infants reaching target temperature in the servo-controlled group. There was no significant difference in the time taken to reach target temperature (185 vs 180 minutes in passive and active, respectively). However, 34% of infants in the passive group were overcooled. 13 In each of the studies presented, at least 1 infant was overcooled to a temperature below 32 ° C at some point during transport. In contrast, there were no temperatures below 32 ° C recorded in our cohort. Given that HIE is, fortunately, not an overly common finding in neonates, almost all of these studies, including ours, were limited by their number of participants. Also, since TH on transport is a fairly new concept, variability in the findings of the studies could be attributed to inexperienced team members attempting to carry out elaborate protocols. Regardless, our results were comparable with the outcomes of multiple studies involving servo-controlled devices when looking at the number of temperatures within the target range, time to target temperature, and number of temperatures below the therapeutic window.
CONCLUSION
Early initiation of TH by referral facilities has been shown to be beneficial in the management of infants with HIE due to the decreased time to target temperature. By utilizing a care bundle that incorporates continuous temperature monitoring and strict protocols for passive and active cooling, we were able to safely transport neonates to our center with an average temperature consistently within the treatment range for TH, thus significantly improving time to target temperature, without overcooling. Early initiation of TH can successfully and reliably begin with transport.
